Abstract-
INTRODUCTION
Up to now, the availability of visible Light emitting diodes (LEDs) for illumination and traffic signals, and automotive lighting-vehicle inside/outside has the attractedattention, and the LED industry is rapidly growing as LEDs have a number of merits as like low power consumption, high tolerance to humidity, long life expectancy, and ecoenvironment [1] . Furthermore, the LED is a semiconductor light lighting device; we can easily turn on-and-off by an electric switching and modulate electrical signals into lightwave-signals at moderate communication rate using LEDs named as visible light communication (VLC) . By help of these characteristics, e.g., luminance and modulating, VLC systems have been proposed; it is based on LED lights [2] , [3] . Furthermore, a number of applications on the VLC are shown, such as personal area networks, vehicle signal and communication systems between bumper to bumpers, sign transportation/directions, and positioning systems [4] , [5] .
Recently, a number of indoor localization sensor techniques have been proposed and studied, most using a positioning technique based on triangulation, proximity, finger printing, and scene analysis [8] , [9] . Depending on the positioning system, the probing signal can be differentinfrared radiation (IR) [10] , ultrasound [11] , [12] , or radio frequency (RF)-have all been attempted. Under the indoor environment, the positioning systems based on IR or ultrasonic require more additional cost and time to deploy a network infrastructure of location transmitter/sensors, and the systems based on RF have scantiness to get accurate location coordinates caused by multipath fading in indoor environment [12] . Moreover, the indoor positioning systems based on the RF technology have a limitation at hospital, kindergarten, and airplane due to the radiation hazard for health and interference between electromagnetic waves.
Using a novel correlation method, we propose a positioning system using indoor LED ceiling lights. Since this system uses pre-installed infrastructure of LED ceiling lights indoor area, it is possible to have a cost-effect deployment of positioning system.
II. CHANNEL MODLE OF LED CEILING LIGHTS
The illumination and brightness of LED chips has the radiation pattern of Lambertian. In the indoor optical wireless links, optical receiver typically is adapted by wavelength/RF filters to attenuate normal ambient light including White Gaussian noise, and concentrators to widen possible light-receiving area. Therefore the channel dc gain is given as [6] 
where φ is the irradiance angle related to the transmitter perpendicular axis as shown in Fig. 1 . The order m is given by m = -ln2/ln(cosΦ 1/2 ), where Φ 1/2 is the LED sight-angle at half-maximum-power. In wireless optical limks, the receivers typically employ also RF noise reduction AC high pass filters to diminute ambient light, and use the concentrator to enhance the collected area of incident lights related with field of view (FOV). Thus, the effective signalcollection area becomes
where A is a view area of receiver, ψ is the angle of incidence related to the receiver perpendicular axis, T s (ψ) is the gain value of optical filter, g(ψ) is the gain value of the concentrator, and Ψ C is the FOV of the concentrator in a half-angle. An idealized non-imaging concentrator achieves a gain
where n is the internal refractive index. When the average transmitted optical power is P t and the impulse response of the optical channel or link is h(t), the mean power of the received optical lights is given by P r = H(0)P t , where a channel dc gain of the channel is 
where d is the distance between TX and RX
where A is the detection area of a receiver, ψ is the incidence angle with respect to the receiver perpendicular axis, Ts(ψ) is the optical filter gain, In our model, we assume that the angle of irradiance (φ) is equal to the angle of incidence (ψ) because the perpendicular axes of the transmitter and the receiver are parallel. The system utilize the On-Off Keying (OOK) transmitting LED signals with an Non-Return-Zero signal at a bit rate of less than10 Mbps over the channel model. The transmitted signal is assumed to be distortionless, and it means a gain, H(f), is equal to H(0) for all frequencies of interest in our model. The receiver accepts light from the transmitters through both LOS links and non-LOS links. The rate of directed light is more than 95% and much bigger than the rate of the first and second reflected light [2] , and the performance of positioning systems depends greatly on the Line-of-Sight link. Thus, for simplicity in computational analysis, it is considered of directed light.
III. POSITION TECHNIQUE
Using this technique, the positioning system in the model room was demonstrated by computer simulation. Using LED characteritics, it can be modulated by electical signals by help of each driver, each ceiling light in the model transmits its pre-assigned address. The primary technique of the proposed positioning is to analyze x-axis and y-axis of the MT individually by help of correlation values between received data and the pre-assigned addresses, and to discern x-axis and y-axis individually, an additional value independent of each axis is deployed.
The simulation model for indoor positioning services is shown in Fig. 1 
According to these values, we set a new value, correlation sum ratio (CSR), expressed by The x-axis correlation sum ratio (CSR x ) and the y-axis correlation sum ratio (CSR y ) have the values for detecting xaxis and y-axis, respectively. CSR y versus x-axis and versus y-axis shown in Fig. 2(a, b) , as we can see in these figures, CSR y is constant versus x-axis at different level dependent on y-axis and decreased as y-axis is increased independent of x-axis, and vice versa for CSR x . Therefore, using CSR values, we can find the coordinates of x and y individually. The y-position is a function of CSR y independent of xposition shown in Fig. 2(b) , and if the mobile terminal knows the function obtained in the offline stage (preassigned information) and gets CSR y at a current location, it can determine its y-axis position; as well, MT can determine x-axis position using CSR x . Fig. 4 The illunination value of LED ceiling lights Fig. 3(a) shows a topology of the distance errors, and we can see most of the distance errors are fewer than 27.58 cm. The mean value of the distance errors is 3.57 cm. Fig.4 shows the value of illumination above 500 lux for the indoor simulation space. The dimensions of the model room in this simulation are small, but the space can be expanded by increasing number of LED ceiling lights. Moreover, using the proposed positioning technology, indoor robotic behavior can be improved and smarter mobile networking can be realized.
IV. EXPERIMENTAL SETUP AND RESULTS
To do the experimental set up, we use four LED ceiling bulb lights that each LED bulb light was composed to seven white LED chips whose physical values has the viewing angle of ±55° and the typical flux of 30 lm , respectively, and p-i-n photo-detector (pin-PD) whose FOV is ±25° is used. The distance between centers of LED lights is 0. +H(0) D , H(0) A +H(0) B ] . The coordinates of (15, 15) is center of the space, thus the values of all bits are same. The variation of received data versus y-axis at x-axis of 0 cm, 10 cm, 20 cm, and 30 cm is depicted in Fig. 7(a), 7(b) , 7(c), and 6(d), respectively, the variation trend is similar to expected one. We applied these results to CSR positioning technique, and Fig. 8(a) and 8(b) show CSR y has a function of x-axis and y-axis, respectively. In the simulation results: CSR y is almost constant value; x-axis at different level depending on y-axis and decreased versus y-axis almost independent of xaxis. However, CSR y is not exactly constant along x-axis shown in Fig. 8(a) and there are disagreements along y-axis shown in Fig. 8(b) , these imperfections make errors. Since the LED ceiling lights has the characteristic of line of sight, it is openly blocked channel link by indoor objects or goods.
On the bottom, distribution of distance errors of MT is depicted in Fig. 9(a) , and it is depicted that a histogram of the distance errors, and we can see most of the distance errors are under 0.65 cm in Fig. 9(b) . The maximum error of MT positioning has the distance error of 1.49 cm. The value of position errors is reason that both each LED light and each driver has different properties, and the field of view of p-i-n PD has a narrow receiving angle, therefore the PD cannot achieve the full-data from LED lights in the experimental setup. We have proposed the indoor wireless positioning system by help of LED ceiling bulb lights. The novel correlation technique between the pre-assigned identical address for each LED light and the detected data was proposed and used to find the absolute position of mobile terminal. In this work, we defined the value named correlation sum ratio (CSR) which is combination of the correlation values, and based on these values, we could determine the position of a MT successfully. In this paper, we defined one new value named correlation sum ratio (CSR) which is combination of the correlation values, and based on these values, we could determine the position of a MT successfully. In the simulation model, 4 LED lights with 4-bit identical address vectors were used in the room with dimensions of 8 m x 8 m x 3 m, and the maximum and mean value of the distance errors are 27.58 cm and 3.57 cm, respectively. In experimental setup, the positioning system was also performed. 4 LED bulb lights were employed and each LED light is consisting of 7 LED chips in the experimental dimensions of 0.3 m x 0.3 m x 0.5 m. The maximum value is the distance errors of 1.49 cm. The mean value is the distance errors of 0.65 cm. The proposed wireless indoor positioning system can be a good alternative candidate for indoor positioning systems. Moreover, using the proposed positioning technology, indoor robotic behavior can be improved and smarter mobile networking can be realized.
